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Objective: In China, significant levels of environmental pollution, substandard worksite quality
and high rates of smoking predispose the population to potentially high risks of respiratory ill-
nesses and other diseases. We assessed the prevalence of respiratory symptoms and their risks
in relation to personal, occupational and environmental risk factors in a heavy-industry prov-
ince of northeastern China.
Methods: Lifestyle, health, residential and occupational data were obtained in 2002 from
31,704 adults of six cities in Liaoning, China, using self-assessment questionnaires. General lin-
ear and multi-level models were used to evaluate prevalence rates and risks of respiratory
symptoms, related to both individual and combined exposures to environmental and occupa-
tional risk factors.
Results: The crude prevalence rates (PRs) for persistent cough, persistent phlegm, wheeze and
asthma were 2.3, 3.8, 2.1 and 1.0%, respectively. The odds ratios (ORs) of all four respiratory
symptoms examined were increased by: smoking (ORs from 2.06 to 5.02), occupational dust
(ORs from 1.35 to 1.72), occupational gas (ORs from 1.48 to 1.72) and presence of irritating
smoke during cooking (ORs from 1.54 to 2.22). An index combining proximity of residence to
road, factory or chimney, indoor coal use and presence of irritating smoke during cooking3 691 7401; fax: þ81 93 601 7324.
u.ac.jp (K. Takahashi).
8 Elsevier Ltd. All rights reserved.
Prevalence and risk factors for respiratory symptoms in Chinese adults 1537TSP;
SO2;
NO2was associated with up to 3.9-fold increased risks of all symptoms. Increasing values of each
risk factor were generally associated with doseeresponse trends in prevalence rates and risks
(all p for trend <0.01).
Conclusion: The crude PRs of symptoms were lower than those reported by European and
American studies but closer to those of previous Chinese studies. The risks of respiratory symp-
toms in this population were increased by smoking, occupational exposures to dust and gas,
and combined residence-related exposures such as living close to a main road, factory or chim-
ney, indoor coal use and the presence of irritating smoke during cooking, among other risk
factors.
ª 2008 Elsevier Ltd. All rights reserved.Figure 1 Location of study cities in Liaoning Province.Introduction
Respiratory symptoms can be caused by environmental
factors including smoking, occupational and ambient air
pollutants.1e3 Epidemiologic studies have shown varying
prevalence rates of respiratory symptoms across countries
and regions: urban areas of China may have generally lower
prevalence of respiratory symptoms than western countri-
es.4e7 Little is known about the prevalence of respiratory
symptoms among people living in heavy-industry areas of
China in relation to the combination of various environmen-
tal pollutants to which the residents are exposed.
With a male smoking rate of 50.2%8 and over 350 million
smokers, China accounts for one in three cigarettes smoked
in the world.9 In addition, 3 of the 10 most polluted cities of
the world are in China, and the air quality in several hun-
dred cities does not comply with the World Health Organi-
zation (WHO) guidelines.10 China is undergoing industrial
development and urbanization at an unprecedented rate.
Although this has improved living conditions for some peo-
ple in modern cities, many people are faced with deterio-
rating environmental conditions: in 2001, 33.2% of the 341
WHO-monitored cities failed to meet the national tertiary
standard of air quality.10 Coal combustion continues to be
the largest contributor to air pollution in China, both for in-
dustries and for homes, with dusts and other particulate
matter arising from unpaved roads and empty pieces of
land.10
Our study area, Liaoning Province, has high concentra-
tion of heavy-industry and records high levels of air
pollution. Further, substandard jobsite controls are likely
to be widespread. These conditions prompted us to in-
vestigate the extent of respiratory symptoms and their
relation to the potential risk factors. The objective of this
study was to assess the prevalence and risks of respiratory
symptoms in relation to personal, occupational and envi-
ronmental risk factors in six cities of this heavy-industry
province in northeastern China.
Materials and methods
Questionnaires were administered to 38,075 adults who
resided in six cities of Liaoning Province, i.e., Anshan,
Benxi, Dandong, Liaoyang, Panjin and Shenyang (Fig. 1).
The study participants were parents and grandparents of
schoolchildren who were subjects of a parallel study inves-
tigating the effects of outdoor and indoor air pollution on
respiratory health among children (Effects of Outdoor andIndoor Air Pollution on Respiratory Health of Kindergarten
Children in Northern China; paper in preparation). The six
cities were chosen owing to the known widely differing
levels of environmental pollution, overall socioeconomic
conditions and types of industries. The schoolchildren at-
tended schools that were located within 1 km of three en-
vironmental monitoring stations in each city. The
Children’s Study involved equal numbers of schoolchildren
from each city, so similar numbers of adults from each
city were included in the present study. The Chinese-
language questionnaire was translated and back-translated
from the Epidemiologic Standardization Project Question-
naire of the American Thoracic Society (ATS-DLD-78-A)11
by independent translators. Participants completed the
questionnaire during the period JanuaryeJune 2002.
We focused on four respiratory symptoms e persistent
cough, persistent phlegm, wheeze and asthma, which were
treated as outcome variables. These symptoms were
defined similarly to those adopted by the ATS-DLD-78-A
1538 D. Wilson et al.Questionnaire (see Appendix), which also includes ques-
tions on experience of job exposure to dust and gas. Al-
though we enquired further about the specific types of
dust and gas, responses to this question were limited. As
a consequence, only general occupational exposures were
recorded. Dust exposure was indicated if the person had
ever been exposed to any dust at work for at least 1 year,
and gas exposure was indicated if the person had ever
been exposed to any gas or chemical fumes at work.
The records from environmental monitoring stations
nearest to the subjects’ residence (any one of each of the
three stations in each city) were used to determine the
level of exposure to ambient air pollution for each subject.
Ambient air pollution was determined by the annual
average levels of three pollutants (TSP [total suspended
particulates e defined as particles with aerodynamic di-
ameter of <40 mm and approximated to be PM10/0.53 and
PM2.5/0.29 by a recent Chinese study
12], SO2 and NO2). Am-
bient levels of temperature, wind speed and relative
humidity were also obtained from the nearest weather
monitoring stations.
Subject characteristics were summarized for the com-
plete sample as well for each of the six cities (Table 1).
Group differences in proportions, arithmetic means, and
medians were tested by chi-square tests, ANOVA, and Wil-
coxon’s Rank Sum tests, respectively. Stepwise logistic re-
gression (both forward and backward) was performed to
identify the more important independent variables associ-
ated with the four respiratory symptoms. Any variable
with a p-value of less than 0.15 for any of the four
symptoms was retained and included in the subsequent
multi-level analyses. The adjusted odds ratios (ORs) and
prevalence rates (PRs) for the symptoms were calculated
while controlling for the following covariates that were re-
tained in the stepwise regression analyses: age, sex, smok-
ing, passive smoking, alcohol consumption, education level,
childhood respiratory disease history, parental history of
asthma, parental history of bronchitis, parental history of
other respiratory diseases, occupational dust and gas expo-
sure, ambient TSP and SO2, distance between house and
a main road, distance between house and a factory or chim-
ney, use of coal indoors for heating or cooking and the pres-
ence of irritating smoke during cooking. Ambient NO2 was
not retained in the stepwise regression analyses but was
forcefully included in the subsequent multi-level models.
ORs and PRs were also calculated for two composite vari-
ables: (1) a variable combining smoking, occupational
dust and gas exposures, and (2) a variable combining dis-
tance between house and main road, distance between
house and factory or chimney, use of coal indoors and pres-
ence of irritating smoke during cooking. This latter compos-
ite variable (referred to as the residential air pollution
index [RAPI]) was assigned scores of 0e4, indicating the
number of exposures present among the four variables. In-
teraction effects by these two composite variables were
also tested by including interaction terms in the multi-level
models.
General linear models were used to calculate adjusted
PRs. Due to the nested nature of the study sample (subjects
registered in any of the three residential sites in the six
cities), the SAS multi-level analysis procedure, GLIMMIX,13
was used to calculate adjusted ORs of each symptom whilecontrolling for the same covariates above. ‘‘City’’ and
‘‘site’’ were included as random effects while all the cova-
riates selected were included as fixed effects in the GLIM-
MIX models. Linear regression models were used to test
for trend. All statistical analyses were performed using
SAS (version 8.2; SAS Institute, Cary, N.C., USA).Results
Table 1 contains detailed information about the final study
sample of 31,704 adults (participation rateZ 83.3%), com-
prising 16,204 males [51.1%], with an average age of 47.7
years. Consistent with our recruitment method, the distri-
bution of subjects by their city of residence was fairly uni-
form. More than half of the male individuals and less than
10% of the females were smokers, defined as having ever
smoked cigarettes continuously for 6 months or more.
More than half of all subjects had education beyond senior
high school level.
Fewer than 3% of subjects had experienced respiratory
disease before 10 years of age, and 3.2% had a parental
history of asthma. About 15% reported using coal for
cooking or heating in the house. Slightly less than half
reported the presence of irritating smoke during cooking.
Of the total study sample, 13.8% of males and 9.1% of
females reported exposure to dust at work, with a wide
inter-city variation, and 8.9% of males and 6.2% of females
reported exposure to gas at work. Ambient air pollutant
levels from 1997 to 2000 varied widely between the six
cities (ranges of TSP 188e689 mg/m3, SO2 14e140 mg/m
3
and NO2 29e94 mg/m
3). Crude PRs of all respiratory symp-
toms ranged between 1.0% and 3.8%, with the highest
values for all four symptoms being observed in Dandong
(1.3e4.7%).
Table 2 lists the adjusted ORs and 95% confidence inter-
vals (CIs) for respiratory symptoms in relation to personal,
residential and occupational factors. Exposure to higher
levels of ambient air pollutants generally did not increase
risks of the four symptoms significantly. Using coal indoors
was significantly associated with asthma (1.45) and the
presence of irritating smoke during cooking was associated
with increased risks of all four symptoms: 1.51 for persis-
tent cough, 1.71 for persistent phlegm, 1.91 for wheeze
and 2.13 for asthma. Occupational exposure to dust and
gas was associated with significant increases in OR for all
four respiratory symptoms, the ORs ranging between
1.31e1.61 and 1.44e1.65, respectively.
Table 3 lists the adjusted PRs and ORs for respiratory
symptoms in relation to smoking pack-years, occupational
exposure and a combination of each of these two types of
exposure. Generally, clear statistically significant dosee
response trends were observed in the PRs and ORs of the re-
spiratory symptoms for increasing levels of each exposure.
In the case of smoking, the number of pack-years increased
the risk of all respiratory symptoms in doseeresponse
trends (statistically significant ORs ranged from 1.70 to
6.12). The risk of persistent cough was the greatest among
the four respiratory symptoms (highest OR 6.12).
Occupational exposures were associated with dosee
response increased ORs for all symptoms, between 1.70
and 2.45 for dust and between 1.51 and 3.73 for gas.
Table 1 Characteristics of subjects and city of residence with prevalence rates of respiratory symptoms by city
Characteristic All City p-valueg
Anshan Benxi Dandong Liaoyang Panjin Shenyang
Subjects administered questionnaires [N (%)] 38,075 (100) 6461 (17.0) 5566 (14.6) 7784 (20.5) 6184 (16.2) 6054 (15.9) 6026 (15.8) <0.001
Respondents included in final analysisa [N (%)] 31,704 (100) 5434 (17.1) 5321 (16.8) 5970 (18.8) 5399 (17.0) 4946 (15.6) 4634 (14.6) <0.001
Response rate (%) 83.3 84.1 95.6 76.7 87.3 81.7 76.9 <0.001
Age (Mean [SD]) (yr) 47.7 [15.2] 48.3 [15.1] 47.6 [15.4] 49.3 [15.3] 46.8 [15.2] 45.7 [14.6] 48.5 [15.5] <0.001
Male [N (%)] 16,204 (51.1) 2813 (51.8) 2751 (51.7) 2986 (50.0) 2765 (51.2) 2538 (51.3) 2351 (50.7) <0.001
Smoking rate (%)
Male 53.5 53.6 54.6 51.1 55.5 54.2 51.7 0.007
Female 7.4 8.2 10.3 4.7 6.8 8.7 6.2 <0.001
Passive smoking rate (%)
Male 18.1 17.9 23.9 13.4 19.4 10.8 23.9 <0.001
Female 33.5 32.7 32.6 28.9 34.2 38.7 35.4 <0.001
Drinking rate (%)
Male 53.6 49.8 56.8 48.6 53.1 61.9 52.5 <0.001
Female 10.7 9.1 11.8 10.0 9.0 12.1 12.5 <0.001
Education senior high school (%) 54.6 55.1 40.4 53.9 58.3 59.7 62.0 <0.001
Medical history of subjects and parents (%)
Experience of respiratory disease< 10 yrs of age 2.2 1.8 2.0 2.3 2.5 2.2 2.7 0.025
Parents had asthma 3.2 3.1 3.0 3.6 2.5 3.6 3.4 0.005
Parents had chronic bronchitis 7.9 7.6 6.5 8.8 7.7 8.4 8.5 <0.001
Parents had other respiratory disease 9.9 9.5 8.5 10.8 9.3 11.2 10.3 <0.001
Residence (%)
Residence period in current address
3e9 yrs 46.2 43.6 36.5 49.6 55.4 52.2 41.2 <0.001
10e19 yrs 33.6 36.4 35.5 31.3 27.5 31.6 39.3 <0.001
20 yrs 20.2 20.0 28.0 19.1 17.1 16.2 19.5 <0.001
Subtotal 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Close to a main roadb 24.3 24.8 23.6 27.5 28.7 17.0 22.9 <0.001
Close to a factory or chimneyc 28.8 23.4 22.4 38.2 35.3 15.6 37.0 <0.001
Use of coal for cooking or heating 15.2 6.7 32.9 21.2 10.5 9.2 9.1 <0.001
Use of ventilation device in the kitchen 74.4 73.5 49.9 73.1 83.0 91.4 76.9 <0.001
Irritating smoke present during cooking 48.8 49.5 56.0 45.2 46.5 44.7 51.7 <0.001
Occupational exposure (%)
Dustd (exposed)
Male 13.8 13.5 27.7 7.2 15.0 6.5 12.9 <0.001
Female 9.1 7.5 14.7 6.2 11.4 5.1 10.3 <0.001
Gase(exposed)
Male 8.9 7.6 15.3 6.6 6.3 10.4 6.9 <0.001
Female 6.2 4.5 8.8 5.0 4.5 9.6 5.4 <0.001
(continued on next page)
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1540 D. Wilson et al.Overall, among all four respiratory symptoms, the risk of
asthma was greatest for both types of occupational expo-
sure (highest ORs of 3.07 for dust and 3.73 for gas). In
addition, combined exposure to smoking, occupational dust
and gas was associated with markedly increased risks for all
four respiratory symptoms. Among these four respiratory
symptoms, substantially higher ORs associated with the
combination of smoking and occupational exposures were
found for persistent cough (maximum OR values of 5.60,
7.52 and 8.77).
Table 4 lists the PRs and ORs for respiratory symptoms in
relation to the residential air pollution index (RAPI). Over-
all, clear doseeresponse trends were observed in the PRs
of all four respiratory symptoms by each level of the five
RAPI scores (all p-values for trend less than 0.001). Every in-
crease in the RAPI score was generally associated with sig-
nificantly increased ORs between 1.22 and 3.89 for all four
respiratory symptoms. On average, the largest overall ORs
among the four respiratory symptoms (between 1.67 and
3.27) were found for asthma, although the largest single
OR (3.89) was observed for persistent cough in association
with an RAPI Score of 4. Interaction terms for both compos-
ite variables (smoking and occupational exposures and the
RAPI) were not statistically significant.Discussion
Our study population recorded crude PRs of 1.0e3.8% for
the studied respiratory symptoms of persistent cough,
persistent phlegm, wheeze and asthma, which were lower
than those reported by European and American studies4,14
and a study conducted in three Chinese cities in 1988.15
The rates were closer to the findings of a recent study in ru-
ral Beijing7 and of the ISAAC study carried out on teenagers
in a multitude of countries, including five centres in China16
which reported the Chinese prevalence of wheeze as three
times less than the global rate (14%).
The adjusted PRs in our study increased with increasing
levels of smoking pack-years, with the severity of occupa-
tional dust and gas exposures and their combinations, and
with an increase in the RAPI (an index of combined
exposures to ‘‘living close to a main road’’, ‘‘living close
to a factory or chimney’’, ‘‘indoor coal use for cooking or
heating’’ and ‘‘presence of irritating smoke during cook-
ing’’). Overall, persistent phlegm was the most prevalent
while asthma was the least prevalent of the four symptoms,
for all levels of the independent and composite variables
examined.
The risks of all four symptomswere significantly increased
by smoking and occupational exposure to dust and gas,
among other risk factors. The effects of combined exposure
to these three risk factors were invariably greater than their
separate effects. RAPI was associatedwith up to almost four-
fold increase in the risks of all four respiratory symptoms.
In terms of exposure status, the prevalence of occupa-
tional exposures to dust and gas was two-fold less than
what was reported by a Beijing study in 199217 but close to
the findings of another community-based study conducted
in Beijing 10 years later.6 This could reflect an overall im-
provement of the working environmental conditions rela-
tive to the past, although we have no direct information
Table 2 Adjusted odds ratios of respiratory symptoms according to individual and environmental risk factorsa
Independent variable Persistent cough Persistent phlegm Wheeze Asthma
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Subject characteristic
Age (yr) 1.04 (1.04, 1.05) 1.03 (1.03, 1.04) 1.05 (1.04, 1.05) 1.06 (1.05, 1.07)
Sex (ref: female) 1.24 (1.00, 1.52) 1.16 (0.98, 1.37) 0.83 (0.68, 1.02) 0.88 (0.67, 1.15)
Smoking (ref: no smoking) 4.89 (4.04, 5.92) 3.37 (2.91, 3.92) 1.99 (1.65, 2.40) 1.99 (1.53, 2.58)
Passive smoking (ref: no passive smoking) 1.32 (1.12, 1.55) 1.25 (1.10, 1.43) 1.27 (1.07, 1.50) 1.60 (1.26, 2.02)
Drinking (ref: no drinking) 1.53 (1.30, 1.82) 1.69 (1.47, 1.95) 1.44 (1.19, 1.74) 1.01 (0.77, 1.32)
Higher education (ref: education< senior
high school)
0.83 (0.71, 0.97) 0.96 (0.85, 1.10) 0.87 (0.74, 1.03) 0.68 (0.53, 0.87)
Medical history
Childhood respiratory diseaseb 3.29 (2.37, 4.57) 3.82 (2.95, 4.94) 4.28 (3.14, 5.82) 8.05 (5.55, 11.67)
Parental history of asthmac 1.26 (0.89, 1.77) 1.31 (0.99, 1.74) 1.41 (1.02, 1.92) 2.53 (1.65, 3.93)
Parental history of bronchitisd 1.70 (1.05, 2.76) 1.50 (1.03, 2.19) 1.25 (0.82, 1.89) 0.93 (0.55, 1.56)
Parental history of other respiratory diseasese 1.40 (0.86, 2.28) 1.43 (0.97, 2.11) 2.45 (1.60, 3.74) 2.63 (1.51, 4.96)
Ambient air pollutants
Higher TSP (ref: TSP  310.5 (mg/m3)f 1.01 (0.75, 1.33) 0.88 (0.69, 1.13) 0.81 (0.58, 1.14) 0.64 (0.40, 1.04)
Higher SO2 (ref: SO2  45.5 (mg/m3)f 0.79 (0.58, 1.06) 0.82 (0.61, 1.10) 0.61 (0.46, 0.99) 1.67 (0.86, 3.23)
Higher NO2 (ref: NO2 50.5 (mg/m3)f 0.92 (0.71, 1.20) 0.93 (0.73, 1.18) 1.11 (0.83, 1.66) 0.73 (0.46, 1.17)
Residence
Close to a main roadg 1.15 (0.98, 1.34) 1.07 (0.93, 1.22) 0.95 (0.79, 1.14) 1.21 (0.94, 1.55)
Close to a factory or chimneyh 1.15 (0.98, 1.36) 1.14 (1.00, 1.30) 1.11 (0.93, 1.32) 1.07 (0.84, 1.36)
Use of coal for cooking or heatingi 1.05 (0.86, 1.27) 0.99 (0.83, 1.17) 1.07 (0.87, 1.32) 1.45 (1.10, 1.90)
Presence of irritating smoke during cookingj 1.51 (1.29, 1.75) 1.71 (1.51, 1.94) 1.91 (1.62, 2.26) 2.13 (1.67, 2.72)
Occupational exposure
Dust (ref: no occupational dust exposure) 1.48 (1.20, 1.84) 1.31 (1.10, 1.56) 1.61 (1.28, 2.02) 1.61 (1.16, 2.24)
Gas (ref: no occupational gas exposure) 1.44 (1.13, 1.85) 1.57 (1.28, 1.91) 1.65 (1.27, 2.14) 1.56 (1.06, 2.28)
All variables in this table were retained by stepwise regression models (retention criteria of p< 0.15), except for ambient NO2.
ORZ odds ratio; CIZ confidence interval; refZ reference group; TSPZ total suspended particulates; SO2Z sulfur dioxide; and
NO2Z nitrogen dioxide.
a The multilevel models for each of the four respiratory symptoms were adjusted for city and site, age, sex, smoking, passive smoking,
drinking, education level, history of childhood respiratory disease, parental history of asthma, parental history of bronchitis, parental
history of other respiratory diseases, ambient TSP, SO2, NO2, living close to a main road, living close to a factory or chimney, use of coal
for cooking or heating, presence of irritating smoke during cooking, occupational dust and gas exposure.
b Ref: no history of childhood respiratory disease.
c Ref: no parental history of asthma.
d Ref: no parental history of bronchitis.
e Ref: no parental history of other respiratory disease.
f Reference points are the respective median values.
g Ref: not living close to a main road.
h Ref: not living close to a factory or chimney.
i Ref: no use of coal for cooking or heating.
j Ref: no presence of irritating smoke during cooking.
Prevalence and risk factors for respiratory symptoms in Chinese adults 1541to substantiate or refute this assertion. More importantly,
subjects who smoked and were also exposed to occupa-
tional dust and gas, had markedly increased risks of all
four symptoms (as much as 8.7-fold), a finding consistent
with previous reports.18,19
Indoor coal use (‘‘heating’’ or ‘‘cooking’’ not specified)
was associated with a 1.6-fold increased risk of asthma. An
increase in respiratory symptoms just for ‘‘heating coal’’
was found among children in China,20 while impaired pul-
monary function was found for ‘‘cooking fuels’’ among chil-
dren in Ecuador.21 Our findings of increased risks of all four
respiratory symptoms in association with exposure to irri-
tating smoke during cooking corroborate those of a largenumber of studies of the effects on health related to expo-
sure to cooking smoke, conducted in China and else-
where.6,15,17,22,23 Subjects exposed to the RAPI had
a 1.2e3.9-fold increase in the risks of all four respiratory
symptoms. Using the combined exposure index RAPI, we
found a consistently greater increased risk of respiratory
symptoms in comparison to the risks associated with sepa-
rate exposure to the individual pollutants. It is plausible
that respiratory symptoms are caused by multiple resi-
dence-related air pollutants. In this regard, we concur
with the proposal that the Chinese government further its
commitment to reduce its dependence on coal10 and
improve residential environment conditions.
Table 3 Adjusted prevalence rates (%) and odds ratios of respiratory symptoms according to status of smoking and oc onal exposures
Exposure variablea Persistent cough Persistent phlegm Wheeze Asthma
APR AOR (95% CI) APR AOR (95% CI) APR 5% CI) APR AOR (95% CI)
Smoking
Pack-years (for current smokers)b
Non-smokers (nZ 21,619) 0.96 1.00 2.01 1.00 1.51 0.73 1.00
<6 (nZ 2525) 3.22 3.31 (2.44, 4.48) 4.39 2.20 (1.72, 2.83) 1.88 .81, 1.66) 0.39 1.05 (0.85, 1.45)
6e14 (nZ 2486) 3.96 3.81 (2.88, 5.04) 7.18 3.52 (2.84, 4.36) 2.68 .25, 2.30) 1.04 1.29 (0.82, 2.04)
>14 (nZ 2672) 8.23 6.12 (4.87, 7.68) 10.99 4.43 (3.67, 5.36) 3.96 .57, 2.62) 2.02 2.18 (1.55, 3.08)
p for trend p< 0.001 p< 0.001 p< 0.001 p< 0.001
Occupational exposure
Dust
Non-exposed (nZ 28,047) 2.13 1.00 3.56 1.00 1.94 0.94 1.00
Mild (nZ 1628) 2.86 1.30 (0.95, 1.76) 4.18 1.05 (0.80, 1.38) 2.78 .97, 1.89) 0.71 1.03 (0.60, 1.76)
Moderate (nZ 1124) 3.12 1.24 (0.89, 1.75) 4.95 1.20 (0.92, 1.61) 2.45 .84, 1.82) 1.99 1.70 (1.08, 2.85)
Severe (nZ 404) 6.16 2.45 (1.61, 3.64) 8.90 2.13 (1.49, 3.08) 6.99 .85, 4.41) 3.92 3.07 (1.72, 5.48)
p for trend pZ 0.004 pZ 0.001 pZ 0.005 p< 0.001
Gas
Non-exposed (nZ 29,307) 2.20 1.00 3.57 1.00 1.98 0.97 1.00
Mild (nZ 1194) 2.55 1.34 (0.96, 1.87) 4.32 1.13 (0.84, 1.52) 2.88 .91, 1.90) 0.82 1.23 (0.70, 2.18)
Moderate (nZ 826) 2.87 1.67 (0.80, 1.75) 6.19 1.65 (1.22, 2.22) 3.18 .01, 2.25) 1.87 2.17 (1.30, 3.63)
Severe (nZ 243) 7.46 2.54 (1.59, 4.08) 7.88 1.82 (1.15, 2.88) 5.94 .38, 4.13) 4.18 3.73 (1.89, 7.44)
p for trend p< 0.001 p< 0.001 p< 0.001 p< 0.001
Combinationc of smoking and occupational exposure
0 (nZ 19,120) 0.87 1.00 1.97 1.00 1.35 0.68 1.00
1 (nZ 7842) 4.80 5.60 (4.42, 6.99) 6.81 3.50 (2.96, 4.14) 2.96 .69, 2.59) 1.42 1.77 (1.31, 2.39)
2 (nZ 1340) 6.53 7.52 (5.39, 10.25) 8.86 4.86 (3.72, 6.36) 4.59 .28, 4.47) 2.41 3.71 (2.35, 5.85)
3 (nZ 630) 7.69 8.77 (5.71, 13.12) 10.26 5.64 (4.05, 7.86) 5.69 .98, 6.86) 2.9 4.43 (2.34, 7.82)
p for trend p< 0.001 p< 0.001 p< 0.001 p< 0.001
APRZ adjusted prevalence rate; AORZ adjusted odds ratio; and CIZ confidence interval.
a All exposure variables were included in GLM models, SAS, to calculate the adjusted prevalence rates, and in multilevel model lculate the adjusted odds ratios. The models con-
trolled for city and site, age, sex, passive smoking, drinking, education level, history of childhood respiratory disease, parental hi f asthma, parental history of bronchitis, parental
history of other respiratory diseases, ambient TSP, SO2, NO2, living close to a main road, living close to a factory or chimney, use l for cooking or heating and presence of irritating
smoke during cooking.
b Pack-yearsZ [number of years smoking (number of cigarettes smoked per day/20)]. Cut-off points were determined by th percentile limits of ‘‘n’’.
c The combination of smoking and occupational exposure variable comprises three dichotomous variables: ‘‘smoking’’, ‘‘dust’’ as’’. The four categories are: 0Z no smoking, no
dust exposure, no gas exposure; 1Z smoking, no dust exposure, no gas exposure; 2Z smoking and either dust or gas exposure; oking, dust and gas exposure.
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Prevalence and risk factors for respiratory symptoms in Chinese adults 1543Contrary to our expectation and to the significantly
increased risks for the respiratory symptoms found in the
parallel study in children (see Section Materials and
methods), we could not observe significantly increased
risks of respiratory symptoms associated with the ambient
air pollutants. Zemp et al. reported that the presence in
adults of other strong confounding factors such as smoking
and occupational exposures could mask the effects of air
pollution.2 We also found that Dandong, known to have
the lowest socioeconomic levels among the six cities,
had the lowest levels of the ambient air pollutants but
the highest prevalence rates of all the four symptoms (Ta-
ble 1). Although this contradictory finding could not be
substantiated with data from our study, it is possible
that socioeconomic factors unadjusted for in our analyses
contributed to this result. Such situations may also occur
when subjects who live in areas with higher pollution
levels, and who have a higher susceptibility to respiratory
symptoms, move to places with lower pollution levels. In
the SAPALDIA Study,2 similar contradictory findings were
explained by the possible migration among those with
symptoms.
This study had several strengths: our study field com-
prised six different cities in an industrial province, a sub-
stantial proportion had notable occupational exposures and
the six cities had sufficiently varied degrees of ambient air
pollution. To our knowledge, the number of subjects who
took part in this study was the largest for an epidemiolog-
ical study of the health effects of environmental pollution
conducted in China. On the other hand, there were several
limitations to our study. First, the cross-sectional nature of
the study did not allow the determination of causal
relationships between respiratory symptoms and risk fac-
tors. Second, most of the subject information was obtained
from self-assessment questionnaires. The four respiratory
symptoms and other individual information such as expo-
sure to pollutants at work, smoking status and medical
history were self-reported and subject to recall bias,
misclassification and incomplete information.17 Third, al-
though the levels of ambient air pollution and weather con-
ditions were objective, they were necessarily aggregated
due to the protocol used to select subjects. Other factors
such as working in a different location, historical residence
and socioeconomic status could have biased our results.
In conclusion, the studied Chinese adult population
residing in a heavy-industrial province recorded lower
prevalence rates of respiratory symptoms than those of
western countries and were close to earlier reports of
a rural sample and a teenage sample of the Chinese
population. Among a variety of risk factors, smoking and
occupational exposure to dust and gas were associated with
increased risks of persistent cough, persistent phlegm,
wheeze and asthma. In addition, combined exposure to
the residential risk factors e proximity to a main road,
proximity to a factory or chimney, indoor coal use and
irritating smoke during cooking, were associated with
doseeresponse increases in the risks for all four respiratory
symptoms. The present study provided plausible findings on
the respiratory health status of a population in a heavy-
industry province of China that is exposed to both environ-
mental and occupational air pollution. Our findings support
enforcement of antismoking programs and the control of
1544 D. Wilson et al.environmental and occupational air pollution for the
prevention of nonmalignant respiratory diseases.Acknowledgements
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AppendixDefinition of respiratory symptoms
Respiratory symptom Definition
Persistent cough Cough, with or without a cold, 4
days a week, for 3 months of
the yr for 1 yr.
Persistent phlegm Chest congestion or phlegm
production, with or without
a cold, 4 days a week for 3
months of the yr for 1 yr.
Wheeze Whistling sounds when breathing,
for 1 yr.
Asthma All of the following:
History of a wheezing attack
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